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OBJECTIVE — Although many studies have shown that carotid intima-media thickness (IMT) 
is associated with coronary artery disease (CAD), it remains inconclusive whether assessment of 
carotid IMT is useful as a screening test for asymptomatic but severe CAD in diabetic patients. 

RESEARCH DESIGN AND METHODS— A total of 333 asymptomatic type 2 diabetic 
patients without history of CAD underwent exercise electrocardiogram or myocardial perfusion 
scintigraphy for detection of silent myocardial ischemia, and those whose test results were 
positive were subjected to coronary computed tomography angiography or coronary angiogra- 
phy. The ability of carotid IMT to identify severe CAD corresponding to treatment with revas- 
cularization was examined by receiver-operating characteristic (ROC) curve analyses. 

RESULTS — Among the 333 subjects, 17 were treated with revascularization. A multiple lo- 
gistic regression analysis showed that maximum IMT was an independent predictor of severe 
CAD even after adjustment for conventional risk factors. ROC curve analyses revealed that the 
addition of maximum IMT to conventional risk factors significantly improved the prediction 
ability for severe CAD (from area under the curve, 0.67 to 0.79; P = 0.039). The greatest sensi- 
tivity and specificity were obtained when the cut-off value of maximum IMT was set at 2.45 mm 
(pretest probability, 5%; posttest probability, 11%; sensitivity, 71%). When we applied age- 
specific cut-off values, the sensitivity of screening further increased in both the nonelderly 
(pretest probability, 6%; posttest probability, 10%; sensitivity, 100%) and the elderly subjects 
(pretest probability, 5%; posttest probability, 15%; sensitivity, 100%). 

CONCLUSIONS — Our study suggests that carotid maximum IMT is useful for screening 
asymptomatic type 2 diabetic patients with severe CAD equivalent to revascularization. 



Coronary artery disease (CAD) re- 
mains the main cause of death in 
diabetic patients and once it has 
developed, diabetic patients have worse 
outcome as compared with nondiabetic 
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patients. One reason for this is the 
difficulty of early diagnosis of CAD. 
Many cases of coronary atherosclerosis 
develop without symptoms, especially 
in diabetic patients. It is reported that 



in patients with development of ische- 
mic heart disease, frequency of silent 
myocardial ischemia (SMI) is approxi- 
mately three-times to six-times higher 
in diabetic patients than in nondiabetic 
patients (1). According to Detection of 
Ischemia in Asymptomatic Diabetes 
study, as much as 22% of asymptomatic 
type 2 diabetic patients aged 50-70 
years were revealed to have SMI when 
they were screened for myocardial is- 
chemia with myocardial perfusion 
scintigraphy (2). Therefore, early detec- 
tion of asymptomatic severe CAD and 
rapid intervention are important to re- 
duce mortality in the management of 
diabetes. 

Sophisticated cardiac study such as 
exercise electrocardiogram (ECG), myo- 
cardial perfusion scintigraphy, coronary 
computed tomography (CT) angiogra- 
phy, and coronary angiography can de- 
termine disease severity with a high 
degree of sensitivity and specificity. How- 
ever, it is unrealistic to screen for SMI 
with these tools in all diabetic patients, 
because these tests are limited by the 
potential of significant adverse effects, 
technical difficulty, availability, and cost. 
Therefore, a noninvasive and inexpensive 
risk prediction tool of SMI is required 
for identifying individuals at high-risk 
for CAD. 

Cardiovascular risk assessment based 
on conventional risk factors is recom- 
mended for predicting cardiovascular 
risk, although validation studies showed 
moderate performance (3-5). However, 
carotid intima media thickness (IMT) 
has been shown to be a reliable marker 
of risk for CAD and cardiovascular 
events in previous studies (6). More- 
over, measurement of carotid IMT with 
high-resolution ultrasound can be as- 
sessed quickly, noninvasively, and inex- 
pensively. Some studies have shown that 
carotid IMT could improve the predic- 
tion ability for cardiovascular disease 
over and above conventional coronary 
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risk factors (7,8). These findings suggest 
that measurement of carotid IMT could 
be useful for identifying individuals at 
high-risk for CAD who should undergo 
SMI screening tests. 

In this study, we investigated the 
usefulness of carotid IMT for identi- 
fying severe CAD equivalent to coronary 
revascularization based on the cross- 
sectional analysis in 333 asymptomatic 
type 2 diabetic patients who underwent 
screening tests for SMI. 

RESEARCH DESIGN AND 
METHODS 

Subjects 

Middle-aged and older Japanese type 2 
diabetic subjects without apparent car- 
diovascular disease participated in this 
study. We considered subjects eligible 
when they fulfilled the following criteria: 
age 40 years or older at the time of 
enrollment and diagnosis of type 2 di- 
abetes based on Japan Diabetes Society's 
criteria. Exclusion criteria were: angina 
pectoris or anginal equivalent symp- 
toms; history of myocardial infarction, 
heart failure, or coronary revasculariza- 
tion; history of sophisticated cardiac 
study (exercise ECG, echocardiography, 
myocardial perfusion scintigraphy, cor- 
onary CT angiography, or coronary an- 
giography); elevated liver enzymes 
(glutamate oxaloacetate transaminase 
or glutamic pyruvic transaminase 
> 2. 5 -times the normal range); and renal 
insufficiency (serum creatinine >2.0 
mg/dL). Screening of the study subjects 
was performed consecutively during the 
registration period (from April 2007 to 
December 2009) at the outpatient clinics 
of diabetes in Osaka Police Hospital. All 
the patients who met eligibility criteria 
were asked if they could participate in 
the current study, and all the patients 
who agreed to participate were regis- 
tered. A total of 333 subjects were con- 
secutively enrolled in this study. 

We also prepared another cohort of 
asymptomatic type 2 diabetic subjects 
for the validation study. A total of 99 
subjects were enrolled at Osaka Univer- 
sity Medical Hospital. All the participants 
underwent carotid ultrasonography, rest 
or exercise ECG, and coronary CT angi- 
ography. In this validation cohort, 20 out 
of 99 study subjects underwent revascu- 
larization after the screening test for SMI 
(9). Their clinical and biochemical char- 
acteristics are shown in Supplementary 
Table 1. 



The study protocol was approved by 
the committees on the ethics of human 
research of Osaka Police Hospital. A 
written informed consent was obtained 
from all the participants after a full expla- 
nation of the study. 

Clinical and biochemical analysis 

Blood samples were collected after an 
overnight fast for analysis of serum con- 
centrations of glucose, total cholesterol, 
triglycerides, HDL cholesterol, LDL cho- 
lesterol, and HbA lc . Diagnosis of type 2 
diabetes was made by the principal in- 
vestigator in accordance with the stand- 
ards of the Japan Diabetes Society (10). 
Dyslipidemia was defined as LDL choles- 
terol >120 mg/dL, HDL cholesterol 
<40 mg/dL, triglycerides >150 mg/dL, 
or current use of lipid-lowering agents. 
Hypertension was defined as systolic 
blood pressure > 130 mmHg or diastolic 
blood pressure >80 mmHg, or current 
use of antihypertensive agents. Smoking 
status was categorically defined on the 
basis of self-reports. 

Measurement of carotid IMT 

B-mode ultrasonography of the carotid 
artery was performed using an ultrasound 
machine (Toshiba SSA-790CE; Toshiba 
Medical Systems, Tokyo, Japan) with a 
7.5-MHz linear transducer. Scanning of 
the extracranial common carotid artery 
(CCA), the carotid bulb, and the internal 
carotid artery (ICA) in the neck was 
performed bilaterally in three different 
longitudinal projections as well as trans- 
verse projections. The IMT was measured 
as the distance between two parallel 
echogenic lines corresponding to the 
blood-intima and media-adventitia in- 
terface on the posterior wall of the artery 
using manual reading system equipped 
with the ultrasonograph. The greatest 
thickness of IMT (including plaque le- 
sions) in the CCA, the carotid bulb, and 
the ICA were measured separately, and 
the greatest value of them was defined 
as maximum IMT and used as the repre- 
sentative value for each individual (11). 
In addition, three determinations of IMT 
were conducted at the site of the thickest 
point and two adjacent points (located 1 
cm upstream and 1 cm downstream from 
the thickest point) in the CCA. These 
three determinations were averaged 
(mean IMT) and the greatest value 
among the six mean IMTs (three from 
the left and three from the right) was 
used as the representative value for each 
individual. Carotid plaque was defined 



as a focal structure encroaching into 
the arterial lumen or demonstrating a 
thickness >1.5 mm as measured from 
the media-adventitia interface to the in- 
tralumen interface. 

To confirm the utility of maximum 
IMT in predicting severe CAD in asymp- 
tomatic type 2 diabetic subjects, we per- 
formed similar analyses using another 
cohort of asymptomatic type 2 diabetic 
subjects who were recruited at Osaka 
University Hospital (9). In this hospital, 
all scans were conducted by experienced 
laboratory physicians using the same ul- 
trasound system and the same measuring 
method of IMT that were used in Osaka 
Police Hospital. Reproducibility analysis 
of 20 replicate measurements yielded ab- 
solute mean differences of 0.03 ± 0.05 
and 0.05 ± 0.05 mm for maximum IMT 
and mean IMT, respectively. The inter ob- 
server coefficient of variation for measure- 
ment of maximum IMT and mean IMT 
were 0.7% and 2.3%, respectively. 

Assessment of CAD 

In this study, all the participants under- 
went exercise ECG or myocardial perfu- 
sion scintigraphy for detection of SMI, 
and those with positive results for these 
tests were subject to coronary CT angi- 
ography or coronary angiography; exer- 
cise ECG was most frequently performed 
(n = 324), followed by coronary CT angi- 
ography (n = 170), myocardial perfusion 
scintigraphy (n = 72), and coronary angi- 
ography (n = 31). 

Symptom-limited bicycle exercise 
test was performed with a Bruce protocol. 
The 12-lead ECG was monitored contin- 
uously during the test. Exercise was con- 
tinued for 3 min at each stage. Tests were 
terminated because of chest pain, fatigue, 
dyspnea, arrhythmias, or marked ST-seg- 
ment changes on ECG. The following 
ST-segment changes were considered pos- 
itive for ischemia: horizontal or down- 
sloping ST-segment depression >0.1 mV 
persisting >0.08 s and ST-segment eleva- 
tion >0. 1 mV compared with control trac- 
ing in any lead except augmented vector 
right (aVR). The test was considered nega- 
tive only when >85% of the maximum 
heart rate predicted was achieved without 
positive ST-segment changes. The predic- 
ted maximum heart rate was determined by 
patient age — 220. 

Other results were considered bor- 
derline, and the patients with borderline 
results were evaluated with stress ECG- 
gated 201 T1 myocardial perfusion imag- 
ing. Exercise stress was performed with 
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the same protocol and vasodilator stress 
was performed by intravenous infusion of 
adenosine (120 |xg/kg/min) . Rest and 
stress images were obtained on the same 
day. Data were acquired with dual-head 
single-photon emission CT camera (In- 
finia; GE Healthcare, Little Chalfont, Eng- 
land), followed by reconstruction into 
long-axis and short-axis projection perpen- 
dicular to the heart axis. Perfusion defect 
(segmental tracer activity <50% of maxi- 
mum) was identified on the stress image 
first and was divided into ischemia (revers- 
ible defects: >10% increase in tracer up- 
take on the rest image compared with stress 
image) or scar (irreversible defects). 

Patients were judged as having is- 
chemia by stress test when his or her 
exercise ST-segment response was pos- 
itive or SPECT images presented ische- 
mic change. 

Coronary CT angiography was per- 
formed with the use of a 64-slice multi- 
detector CT scanner (LightSpeed VCT; 
GE Medical Systems) with 64- X 0.625- 
mm section collimation, 350-ms rotation 
time, 100- to 120-kV tube voltage, and 
280- to 750-mA tube using ECG modu- 
lation. Patients with at least one stenotic 
lesion with >50% obstruction of the cor- 
onary artery were considered to have sig- 
nificant coronary artery stenosis. 

All results of CAD screening were 
evaluated by the cardiologists participat- 
ing in this study. Indications for coronary 
revascularization for patients with CAD 
were decided based on the American 
College of Cardiology/American Heart 
Association guidelines for percutaneous 
coronary intervention (12). 

Statistical analyses 

All statistical analyses were performed 
with Dr. SPSS II for Windows (SPSS). 
All values are reported as means ± SD, 
median and interquartile range, or real 
numbers of subjects with the percentage 
in parentheses. Between-group differen- 
ces of the average were compared using 
the unpaired t test for parametric data, 
and the Mann-Whitney U test was used 
for nonparametric data. Between-group 
differences of numbers and percentages 
were compared using a x 2 test. Multivar- 
iate logistic regression analysis was used 
to detect independent predictors of severe 
CAD. The prediction ability of maximum 
IMT to identify severe CAD was examined 
by receiver-operating characteristic 
(ROC) curve analyses. Furthermore, to 
examine whether the addition of maxi- 
mum IMT to conventional coronary risk 



factors could improve the prediction abil- 
ity for severe CAD, ROC curves were 
plotted for conventional coronary risk 
factors, with and without maximum 
IMT. The incremental effect of adding 
maximum IMT to the conventional risk 
factors for identifying severe CAD was 
evaluated with the use of the Z test. For 
all tests, P < 0.05 was considered statis- 
tically significant. 

RESULTS 

Results of SMI screening 

Among a total of 333 subjects (males, 
71%; age, 64.6 ± 7.6 years [mean ± SD]; 
diabetes duration, 12.6 ± 8.7 years; 



HbA lc , 7.5 ± 1.1%), 268 (80%) patients 
had hypertension and 254 (76%) had 
dyslipidemia (Table 1). 

The results of SMI screening are 
shown in Fig. 1. Among the 333 subjects, 
55 (17%) had SMI on exercise ECG or 
myocardial perfusion scintigraphy; 24 pa- 
tients had positive ECG alone, 16 patients 
had positive myocardial perfusion scin- 
tigraphy alone, and 15 patients had con- 
cordant positive findings on both tests. 
Among the 55 patients with SMI, 41 
(75%) were revealed to have significant 
coronary artery stenosis (>50%) diag- 
nosed by subsequent coronary CT angi- 
ography or coronary angiography. Then, 
17 (31%) patients had severe CAD 



Table 1 — Baseline characteristics of the study population 





All subjects 


Severe 


CAD 




Characteristics 


n = 333 


(-)n = 316 


(+) n = 17 


P 


Age (years) 


64.6 ± 7.6 


64.6 ± 7.6 


65.1 ± 8.5 


0.797 


Men 


236 (71) 


221 (70) 


15 (88) 


0.168 


Past or current smoking 


187 (56) 


174 (55) 


13 (76) 


0.086 


Diabetes duration (years) 


10; 6-17 


10; 6-17 


15; 6-23 


0.283 


BMI (kg/m 2 ) 


24.3 ± 3.5 


24.3 ± 3.5 


22.6 ± 2.7 


0.046 


Hypertension 


268 (80) 


254 (80) 


14 (82) 


1.000 


Dyslipidemia 


254 (76) 


239 (76) 


15 (88) 


0.379 


Systolic blood pressure (mmHg) 


130 ± 15 


130 ± 15 


127 ± 14 


0.454 


Diastolic blood pressure (mmHg) 


70 ± 10 


70 ± 9 


71 ± 10 


0.559 


Total cholesterol (mg/dL) 


192 ± 31 


192 ± 31 


200 ± 43 


0.372 


Triglycerides (mg/dL) 


112; 79-163 


112; 78-165 


109; 89-141 


0.876 


HDL cholesterol (mg/dL) 


51; 43-61 


51; 43-62 


44; 38-52 


0.008 




Microangiopathy 


Nephropathy 


123/327 (38) 


113/310(36) 


10/17(59) 


0.064 


Microalbuminuria (mg/g creatinine) 


142 ± 475 


139 ± 466 


207 ± 639 


0.169 


eGFR (mL/min/1.73 m 2 ) 


69 ± 16 


69 ± 16 


73 ± 20 


0.371 


Retinopathy 


96/274 (35) 


94/258 (36) 


2/16 (13) 


0.059 




Maximum IMT (mm) 


2.13 ± 0.93 


2.09 ± 0.90 


2.99 ± 1.03 


<0.001 


Plaque number 


2.7 ± 1.9 


2.6 ± 1.8 


4.7 ± 2.7 


0.001 


Insulin treatment 


104 (31) 


95 (30) 


9(53) 


0.047 




Sulfonylurea 


177 (53) 


170 (54) 


7(41) 


0.310 


a-glucosidase inhibitor 


63 (19) 


59 (19) 


4(24) 


0.541 


Biguanide 


172 (52) 


164 (52) 


8(47) 


0.697 


Thiazolidinedione 


38(11) 


36(11) 


2(12) 


1.000 


Antihypertensive agents 


Calcium blocker 


91 (27) 


87 (28) 


4(24) 


1.000 


ACEI or ARB 


156 (47) 


145 (46) 


11 (65) 


0.130 


Lipid-lowering agents 


Statin 


129 (39) 


124 (39) 


5(29) 


0.418 



ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; eGFR, estimated glomerular fil- 
tration rate. The values of diabetes duration, HDL cholesterol, and triglycerides are median (interquartile range). Other 
values are means ± SD or n (%) of subjects. P values compared with diabetes patients with and without CAD by 
unpaired t test, Mann-Whitney U test, or x 2 test. 
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Figure 1 — Results of SMI screening. Among 55 patients having SMI, 41 patients had significant 
coronary artery stenosis (>50%), and 1 7 were treated with coronary revascularizations. MPS, 
myocardial perfusion scintigraphy; CCTA, coronary CT angiography; CAG, coronary angiog- 
raphy; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting. 



diagnosed, corresponding to the treat- 
ment with coronary revascularization, 
and all of them underwent percutaneous 
coronary intervention (n = 11) or coro- 
nary bypass graft surgery (n = 6). 

Relationship between carotid IMT 
and severe CAD 

Patients with severe CAD had greater 
mean IMT than patients without it, but 
it was not significant. However, maxi- 
mum IMT and plaque number were 
significantly greater in patients with se- 
vere CAD equivalent to coronary revas- 
cularization (Table 1). Furthermore, all 
the patients who were treated with revas- 
cularization had thickening of maximum 
IMT > 1.6 mm. 

To demonstrate that maximum IMT 
is a determinant of severe CAD indepen- 
dent of the other risk factors, we 
performed a multivariate logistic regres- 
sion analysis including gender, age, hy- 
pertension, dyslipidemia, smoking status, 
HbA lc , and maximum IMT as indepen- 
dent variables. We found two indepen- 
dent predictors of severe CAD in the 
final discrimination function: maximum 
IMT (OR, 2.36; 95% CI, 1.37-4.08; P = 
0.002) and HbA lc (OR, 1.64; 95% CI, 
1.09-2.45; P = 0.017). 

The ability of carotid IMT to identify 
severe CAD 

We tried to assess the impact of maximum 
IMT in the CCA, the carotid bulb, and the 
ICA, separately. However, IMT measure- 
ments in the ICA area were obtainable 
in only 50% of all participants mainly 



because of the difficulty of observation. 
Therefore, we set the following three 
indices: CCA, carotid bulb ICA, and 
combined maximum IMT (CCA or ca- 
rotid bulb ICA, whichever is greater). The 
prediction abilities of CCA, carotid bulb 
ICA, and combined maximum IMT esti- 
mated by the area under the ROC curve 
(AUC) were 0.62 (95% CI, 0.46-0.78), 
0.72 (95% CI, 0.60-0.83), and 0.74 
(95% CI, 0.63-0.86), respectively. In ad- 
dition, the prediction ability of plaque 
numbers was 0.74 (95% CI, 0.62-0.86; 
P = 0.001). We also estimated the predic- 
tion ability of mean IMT. The AUC for 
mean IMT was 0.64 (95% CI, 0.49- 
0.79; P = 0.051). Even when measure- 
ment of mean IMT was performed in a 
region free of plaque, the AUC for mean 
IMT was 0.66 (95% CI, 0.51-0.80; P = 
0.031). 

Next, we evaluated the prediction 
ability of severe CAD by ROC curves 
plotted for conventional coronary risk 
factors (age, gender, smoking status, hy- 
pertension, and dyslipidemia) with maxi- 
mum IMT and for those without 
maximum IMT. This analysis revealed 
that the AUC significantly increased after 
the addition of maximum IMT to con- 
ventional coronary risk factors (0.67, 
95% CI, 0.57-0.77 with conventional 
coronary risk factors versus. 0.79, 95% 
CI, 0.70-0.88 with conventional coro- 
nary risk factors and maximum IMT; P = 
0.039), suggesting that the addition of 
maximum IMT to conventional coronary 
risk factors could improve the risk estima- 
tion for severe CAD (Fig. 2A). 



The cut-off value of maximum IMT 
to identify severe CAD 

To determine cut-off value of maximum 
IMT for screening of severe CAD, ROC 
curve was plotted for maximum IMT 
alone. This analysis revealed that the 
greatest sensitivity and specificity were 
obtained when the cut-off value of max- 
imum IMT was set at 2.45 mm (sensitiv- 
ity, 0.71; specificity, 0.70; positive 
predictive value [PPV], 0.11; negative 
predictive value [NPV], 0.98) (Fig. IB). 

Next, we divided the study subjects 
into the elderly (65 years or older) group 
(n = 162) and the nonelderly (younger 
than 65 years) group (n = 171), because 
the value of maximum IMT was signifi- 
cantly correlated with age (r = 0.274; 
P < 0.001) (Supplementary Fig. 1). ROC 
curve analyses revealed that the greatest 
sensitivity and specificity were obtained 
when the cut-off value of maximum IMT 
was set at 1.55 mm in the nonelderly (sen- 
sitivity, 1.00; specificity, 0.44; PPV, 0.10; 
NPV, 1.00) and 2.65 mm in the elderly 
group (sensitivity, 1.00; specificity, 0.71; 
PPV, 0.15; NPV, 1.00) (Fig. 3A). 

Confirmation study in another cohort 

To confirm the utility of maximum IMT in 
identifying severe CAD in asymptomatic 
type 2 diabetic subjects, we performed 
similar analyses using another cohort of 
asymptomatic type 2 diabetic subjects 
who were recruited at Osaka University 
Hospital (12). In this cohort, 20 out of 99 
study subjects underwent revasculariza- 
tion after the screening test for SMI. 
ROC curve analyses showed that the 
AUC for maximum IMT (CCA or carotid 
bulb ICA, whichever is greater) to identify 
severe CAD was 0.75 (95% CI, 0.63- 
0.87; P < 0.001) and that the greatest 
sensitivity and specificity were obtained 
when the cut-off value of maximum IMT 
was set at 2.65 mm (sensitivity, 0.60; 
specificity, 0.80; PPV, 0.43; NPV, 0.89). 

Next, to evaluate the performance of 
the cut-off value of maximum IMT de- 
rived from the derivation cohort (n = 333; 
cut-off level of maximum IMT >2.45 
mm), we applied this value to identify se- 
vere CAD in this validation cohort (n = 
99) and examined its predictive ability. 
In this validation cohort, as a whole, 12 
out of 34 (35%) patients whose maxi- 
mum IMT was above cut-off value 
(>2.45 mm) underwent revasculariza- 
tion (pretest probability, 0.20; sensitivity, 
0.60; specificity, 0.72; PPV, 0.35; NPV, 
0.88). Furthermore, we divided the sub- 
jects in this validation cohort into the 
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Figure 2 — ROC curve analyses to identify 
severe CAD. A: The AUC significantly in- 
creased after the addition of maximum IMT to 
conventional coronary risk factors including 
age, gender, smoking status, hypertension, and 
dyslipidemia (from AUC 0.67 to 0.79; P = 
0.039). B; The greatest sensitivity and speci- 
ficity were obtained when the cut-off value of 
maximum IMT was set at 2.45 mm. 

nonelderly (younger than 65 years old, 
n = 54) and the elderly (65 years or older, 
n = 45) groups and evaluated the perfor- 
mance of the cut-off levels of maximum 
IMT derived from the derivation cohort 
(1.55 mm and 2.65 mm, respectively). 
In the nonelderly group, 9 out of 32 
(28%) whose maximum IMT was above 
cut-off value (>1.55 mm) were treated 
with revascularization (pretest probabil- 
ity, 0.17; sensitivity, 1.00; specificity, 
0.49; PPV, 0.28; NPV, 1.00). In the el- 
derly group, 9 out of 19 (47%) whose 
maximum IMT was above the cut-off 
value (>2.65 mm) were treated with re- 
vascularization (pretest probability, 0.24; 
sensitivity, 0.82; specificity, 0.71; PPV, 
0.47; NPV, 0.92) (Fig. 3B). These results 
indicate the validity and the reproducibil- 
ity of maximum IMT as a tool for screening 
the high-risk subjects with severe CAD. 

CONCLUSIONS— It has been thought 
that carotid IMT is associated with future 
risk for cardiovascular disease, but it 
remains controversial whether measure- 
ment of carotid IMT is clinically useful as a 



screening test for CAD. Our study showed 
that the addition of maximum IMT to 
conventional coronary risk factors could 
substantially improve the prediction abil- 
ity for severe CAD equivalent to coronary 
revascularization in asymptomatic type 2 
diabetic patients. This finding suggests 
that measurement of carotid IMT in these 
patients is clinically useful for screening 
individuals at high-risk for severe CAD. 

It has been reported that in healthy 
populations, 2.5-10% of middle-aged 
men have asymptomatic but active CAD 
(13-15). In diabetic patients, the preva- 
lence of SMI determined by noninvasive 
imaging is reported to be 12-31% (2,16- 
19). In this study, we found that the prev- 
alence of abnormal SMI screening find- 
ings was 17% in our asymptomatic type 
2 diabetic patients, which was consistent 
with the previous findings. It should be 
noted that many of them had coronary 
arteriosclerosis; 75% of them were re- 
vealed to have significant coronary artery 
stenosis (>50%) by subsequent coronary 
CT angiography or coronary angiogra- 
phy, and 31% of them actually were trea- 
ted with revascularization (Fig. 1). 
Therefore, it would be clinically worth- 
while to screen patients with asymptom- 
atic CAD (especially those who should be 
treated with revascularization) in the 
management of diabetes, although the 
utility in identifying severe but asymp- 
tomatic CAD is still debated. 

First, we confirmed that maximum 
IMT was significantly associated with 
severe CAD equivalent to revasculariza- 
tion. Multiple logistic regression analyses 
showed that maximum IMT was an in- 
dependent predictor of severe CAD in 
asymptomatic type 2 diabetic patients 
without history of CAD. Next, we evalu- 
ated the incremental effect of adding 
maximum IMT to the conventional risk 
factors for identifying severe CAD by 
ROC curves. The predictive abilities of 
CCA, carotid bulb ICA, and combined 
maximum IMT (CCA or carotid bulb ICA, 
whichever is greater) estimated by the 
AUC were 0.62, 0.72, and 0.74, respec- 
tively. These results suggest that carotid 
bulb ICA maximum IMT is more closely 
associated with severe CAD rather than 
CCA maximum IMT, and that combined 
maximum IMT most directly reflects it. 
Taken together, our findings are consis- 
tent with previous reports showing that 
the ICA IMT is more useful for predicting 
cardiovascular events than mean IMT 
(20). The AUC significantly increased af- 
ter the addition of maximum IMT to 



conventional risk factors, suggesting that 
maximum IMT substantially improves 
the prediction ability of severe CAD in 
these patients (Fig. 2A). 

Next, we investigated the cut-off level 
of maximum IMT for identifying the 
presence of severe CAD. The greatest 
sensitivity and specificity were obtained 
when the cut-off value of maximum IMT 
was set at 2.45 mm (Fig. IB). When we 
limited CAD screening with exercise ECG 
or myocardial perfusion scintigraphy to 
the patients whose maximum IMT was 
above this cut-off level, the prevalence of 
severe CAD in the subjects who under- 
went CAD screening tests increased 
from 5% (pretest probability) to 11% 
(posttest probability), indicating that 
maximum IMT provided greater effi- 
ciency to detect severe CAD (Fig. 3A). 

Furthermore, when we applied age- 
specific cut-off values of maximum IMT, 
the sensitivity of screening for the severe 
CAD further increased in both the non- 
elderly (pretest probability, 6%; posttest 
probability, 10%; and sensitivity, 100%) 
and the elderly subjects (pretest proba- 
bility, 5%; posttest probability, 15%; 
sensitivity, 100%). The difference in cut- 
off levels of maximum IMT between the 
elderly and the nonelderly groups became 
>1.0 mm (2.65 and 1.55 mm, respec- 
tively), because maximum IMT of pa- 
tients with severe CAD showed relatively 
high values with broad range (1.6-4.4 
mm) in the nonelderly group but much 
higher values (>2.7 mm) in the elderly 
group in the current study. Interestingly, 
mean difference of maximum IMT be- 
tween the elderly and the nonelderly 
group was calculated to be 0.91 mm in 
the patients with severe CAD but 0.37 
mm in the patients without it, suggesting 
that the progression of maximum IMT 
had been more accelerated in those who 
had development of severe CAD. It also 
has been reported that patients with CAD 
have more rapid progression of IMT than 
patients without CAD and that conven- 
tional risk factors are related to progres- 
sion in them (21). 

The utility of maximum IMT in iden- 
tifying severe CAD in asymptomatic type 
2 diabetic subjects also was validated in 
another cohort of asymptomatic type 2 
diabetic subjects. In this validation co- 
hort, all the participants underwent cor- 
onary CT angiography. Although exercise 
ECG and myocardial perfusion scintigra- 
phy are most commonly performed 
for detection of SMI, they have limited 
sensitivity and specificity in diagnosing of 
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NPV 
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Figure 3 — Sensitivity, specificity, PPV, and NPV of maximum IMT to identify severe CAD. A: The 
greatest sensitivity and specificity were obtained when the cut-off value of maximum IMT was set 
at 2.45 mm in all subjects, 1.55 mm in the nonelderly (younger than 65 years old) , and 2. 65 mm in 
the elderly (65 years or older) group. B; The performance of the cut-off values of maximum IMT 
was validated in another cohort. 



CAD (22,23). However, coronary CT an- 
giography is highly accurate for the detec- 
tion of CAD at an early stage, whereas it 
has the potential of significant adverse ef- 
fects (24). Interestingly, the cut-off levels 
of maximum IMT and their performance 
in this cohort were comparable with those 
in the derivation cohort. These results 
support the utility of the measurement 
of maximum IMT and the validity of 
cut-off levels of maximum IMT proposed 
in the current study. 

To the best of our knowledge, there 
are few reports that show a cut-off level of 
carotid IMT, and this is the first report 
showing the cut-off level of maximum 
IMT for identifying severe CAD. 

Generally, excess body weight is re- 
garded as one of the most important risk 
factors for CAD and can be a predictor for 
future CAD. In this study, however, the 
subjects with severe CAD showed signif- 
icantly lower BMI than that in the subjects 
without severe CAD (Table 1). This phe- 
nomenon might be attributable to poor 
diabetic control in the subjects with se- 
vere CAD, because poor diabetic control 
causes body weight loss. Actually, these 
patients snowed significantly higher 
HbA lc , irrespective of higher insulin 
treatment ratio, as compared with those 
without severe CAD. 

Several limitation of our study should 
be discussed. First, this is a study with a 
relatively small number of subjects and 
there is a gender imbalance of the partic- 
ipants (out of 333 subjects, 71% were 
male). Furthermore, the actual number of 
the subjects included in the current study 
was approximately one-fourth the esti- 
mated number of the patients who met 
the eligibility criteria, which holds a cer- 
tain risk of yielding some kind of selection 
biases. Therefore, the clinical utility of 
maximum IMT as a screening tool should 
be verified in studies with larger sample 
size. Especially, the cut-off level of max- 
imum IMT should be confirmed by fur- 
ther studies. 

Second, the utility of screening pa- 
tients with type 2 diabetes for asymptom- 
atic CAD is still controversial. Previous 
studies showed long-term safety and effi- 
cacy of intensive medication therapy and 
coronary revascularization in type 2 di- 
abetic patients (25,26). However, many 
cardiologists are now skeptical of revas- 
cularization of asymptomatic type 2 dia- 
betic patients, because the BARI2D study 
did not show any substantial difference 
between intensive medical therapy and 
revascularization, such as coronary artery 
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bypass grafting or percutaneous coronary 
intervention in type 2 diabetic patients 
with stable CAD (26). Thus, it is still con- 
troversial regarding which patients bene- 
fit from coronary artery revascularization 
and how it is clinically important to iden- 
tify severe but asymptomatic CAD. There- 
fore, it is unclear if a long-term clinical 
benefit was achieved in 17 subjects who 
had coronary revascularization in the cur- 
rent study. To evaluate whether carotid 
ultrasonography really leads to the im- 
provement of difficult clinical outcomes 
(e.g., myocardial infarction), another trial 
should be performed. 

Third, among 55 subjects with SMI, 6 
patients rejected coronary CT angiogra- 
phy and coronary angiography. In this 
study, they were classified into the non- 
severe CAD group, because our purpose 
was to examine whether carotid IMT is 
useful as a screening test for asymptom- 
atic type 2 diabetic patients with severe 
CAD equivalent to revascularization ther- 
apy. However, the results of statistical 
analyses did not change even though 
these six patients were excluded. 

Fourth, previous studies have shown 
that the natural history, patterns of risk 
factors, and the prediction of cardiac and 
cerebral events are different for "carotid 
plaque," which is a focal structure en- 
croaching into the arterial lumen, and 
the "traditional IMT," which is measured 
in a region free of plaque, whereas both 
share some common atherosclerosis risk 
factors. In European countries, it is rec- 
ommended that measurement of IMT 
should be performed in a region free of 
plaque (27) and the distinction between 
IMT and plaque should be clearly made. 
However, the Japan Society of Ultrasonics 
in Medicine recommends that measure- 
ment of IMT should be performed at the 
site of greatest thickness, including pla- 
que lesions (28). A few studies performed 
in Japan adopted this method and reported 
that this IMT was useful as a marker 
for cardiovascular events and CAD (29). 
The current study was performed in Japan 
and the IMT was measured at the site of 
greatest thickness including plaque le- 
sions according to Japanese guideline. 
As a result, in 88% cases of all measure- 
ments, maximum IMT represented pla- 
que lesion. Thus, the definition of 
maximum IMT in our study and those of 
previous studies are different, and it 
would not be appropriate to make a sim- 
ple comparison between our findings and 
previous ones. Interestingly, the results of 
our study indicates that maximum IMT 



including plaque lesion and the number 
of carotid plaques were both useful for 
identifying severe CAD (AUC, 0.74 and 
0.74, respectively). On the contrary, 
even when measurement of mean IMT 
was performed, whether in a region free 
of plaque, the prediction ability of mean 
IMT was relatively poor (AUC, 0.66 and 
0.64, respectively). These findings seem to 
be consistent with previous reports sug- 
gesting that presence of plaque was more 
strongly associated with cardiovascular 
events than "traditional IMT" excluding 
plaque lesion (30). 

Fifth, although carotid ultrasonogra- 
phy can be performed noninvasively and 
relatively inexpensively, its use for uni- 
versal screening in type 2 diabetic patients 
is not feasible. Therefore, the kind of 
diabetic population that should be given 
preference in receiving this clinical exam- 
ination also must be clarified in further 
studies. 

Finally, it is noted that the subjects of 
this study were Japanese type 2 diabetic 
patients. Thus, it would be premature to 
generalize our findings to other race or 
ethnic groups and nondiabetic subjects. 

Notwithstanding these limitations, 
our study indicates that measurement of 
carotid maximum IMT can provide useful 
information for identifying subjects at 
high risk for CAD. 

In conclusion, our study suggests that 
carotid maximum IMT is useful for 
screening asymptomatic type 2 diabetic 
patients with severe CAD equivalent to 
revascularization. 
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